This work surveyed residents of an economically disadvantaged community on their attitudes toward weatherization and their energy use behaviors. To support urban leaders making decisions to mitigate the effects of large-scale climate change, data-driven simulation models are being developed. To ensure that these models are equitable, the needs of all citizens must be included, especially those most vulnerable to the impacts of climate change. The results of this survey indicate that residents are taking steps to weatherize and conserve energy, but they are hindered by a lack of resources and knowledge of available assistance programs. These results are being applied to agent-based models (ABM) to model emergent community behavior. These models will be used to design decision support systems for city stakeholders. This work surveyed residents of an economically disadvantaged community on their attitudes toward weatherization and their energy use behaviors. To support urban leaders making decisions to mitigate the effects of large-scale climate change, data-driven simulation models are being developed. To ensure that these models are equitable, the needs of all citizens must be included, especially those most vulnerable to the impacts of climate change. The results of this survey indicate that residents are taking steps to weatherize and conserve energy, but they are hindered by a lack of resources and knowledge of available assistance programs. These results are being applied to agent-based models (ABM) to model emergent community behavior. These models will be used to design decision support systems for city stakeholders.
INTRODUCTION AND BACKGROUND
By the mid-21 st century, the average temperature in the United States (based on a Medium Emissions scenario) is predicted to rise by about 2.7°F -meaning that currently record-breaking heat may become common (USGCRP, 2017) . In the face of such large-scale climate change and growing populations, urban leaders must make decisions to adapt their city and its neighborhoods to changing climate conditions. These decisions are particularly important in low-resource neighborhoods, which are often the most vulnerable to climate events such as extreme heat (Bolin & Kurtz, 2018; Cathleen, Peterson, Taraska, & Qian, 2016) . However, despite this vulnerability, individuals in these neighborhoods have historically been the least involved in community-level decision making (Lasker & Guidry, 2009 ).
An important part of addressing challenges related to climate change is understanding how citizens use energy and protect themselves against temperature extremes. Fossil fuel combustion is a major contributor to climate change and energy efficiency a main mitigation strategy. This paper outlines the results of a weatherization and energy use survey conducted in economically disadvantaged neighborhoods. These results will then be used to inform the development of models that support decision-making for urban sustainability. To ensure that these models and the decisions they support are equitable, underserved populations must be included in the data gathering process. One such model is an agent-based model of households making socially-influenced decisions to weatherize their homes (Krejci, et al., 2016) .
Agent-based models (ABM) allow researchers to model individual decision makers as autonomous agents that are capable of social behaviors and interactions with other agents (Bonabeau, 2002) . These models are a good approach to understanding and foreseeing emergent behavior in social systems that consist of interdependent and boundedly rational actors (Bonabeau, 2002) .
When modeling agents' interactions and decision-making processes, modelers usually make assumptions about how they should be logically represented. Accurate and reliable predictions rely on modeling logic based on highly realistic assumptions, which are ideally supported by empirical data (Axelrod 1997; Vespignani 2009 ). The modeling logic in the proposed ABM will be based on the survey data collected from this study. Additionally, the survey data will be used to validate some of the conclusions from a preliminary ABM.
While the use of survey data to inform energy-related ABMs is becoming common, much of that data focuses on commercial energy use applications (Langevin et al. 2015) . In such applications, building occupants are primarily concerned with comfort and its impact on productivity (Andrews et al. 2011; Putra et al. 2017) . These concerns may differ greatly from those of residents in underserved communities. These individuals may tend to focus on cost, for example, with comfort only as a secondary objective. Vulnerable populations may also experience additional barriers to accessing knowledge about self-weatherization. In response to this need for information and simple action, the process of data collection incorporated small action projects that supported participants in the short-term while collecting data to inform an ABM. The application described in this paper uses data to inform ABMs from a new perspective -that of economically disadvantaged residents. The ABM will then be used to allow decision makers to better understand resident behavior and examine "what-if" scenarios as they make decisions.
The following section will describe the methods of survey development and data collection. Next, results on energy use and weatherization behaviors will be presented. Finally, the application of this data for ABM design will be discussed.
METHOD

Data Collection Periods
Data for this study was collected at three periods in 2016 and 2017. The first data collection period used a shorter version of the weatherization survey, while the second and third periods used a longer version. Numbers of participants (all 18 years of age or older) by data collection period are listed below. 
Recruitment and Participants
The target participants were residents of three neighborhoods in a large Midwestern city that had expressed a willingness to collaborate with the researchers. The demographics of the neighborhoods are given in Table 1 . 
Survey Development
The survey and process for administering the survey were developed by implementing "Best Practices" for gathering data from marginalized populations (Stonewall, et al., 2017) . The survey was offered in two languages (English and Spanish) with pictorial answer choices to facilitate communication across language barriers ( Figure 1 ).
Figure 1. Example of survey question presentation with pictorial answer choices
Survey Instrument
The version of the survey administered in the first data collection period consisted of 10 items, while the final version of the survey contained 14 items (see Table 2 ). The final version included additional questions about social interactions. 
Procedure and Process
Potential participants were asked if they would like to participate in a short survey on energy use and weatherization. Once the survey was finished, participants completed an entry into a drawing and indicated whether they consented to be contacted about similar research in the future. All participants in the first and second data collection periods also received a box of rope caulk for their participation. In the third data collection period, participants received rope caulk if they both completed the survey and signed up for a free energy audit.
Limitations
While each data collection period occurred within one of the three target neighborhoods, participants were not screened for residency. Participants were also self-selected attendees at community, family-oriented events and therefore may not be a representative sample of the neighborhoods.
RESULTS
The median number of residents per home was 5 (M = 4.75; SD = 1.69). The most common home type was single family with trees (Figure 2) . The presence of trees in outdoor vegetation can influence the indoor climate. The most common heating method was the use of a thermostat to control a furnace, while the most common cooling method was the use of air conditioning (Figure 3) . The most common action taken to save money on energy bills was to raise or lower the home's thermostat (Figure 4) . Ten participants noted that they had taken unlisted actions to lower their energy bills, including: installing more energy efficient light bulbs (4 participants), unplugging unused appliances (4), and seeking assistance with their energy bills (2). The most frequently chosen method of obtaining information on lowering energy bills was a city or government website ( Figure 5 ). The most frequently chosen human source of information on lowering energy bills was experts ( Figure 6 ) with family members as the next most frequently consulted source. Participants were asked if they would be more likely to make a change to their home if they heard about or saw a neighbor making a change in all three data collection periods. During period 1, participants answered either "yes" or "no". Twenty-two participants answered "yes" (72%) while nine answered "no" (23%). During periods 2 and 3, participants responded on a Likert scale (1: Strongly Disagree -5: Strongly Agree). The mean rating was 3.67 (SD = .98, N = 36)
The mean number of times participants had spoken with others about making home improvements to lower energy bills was 1.3 times in the last year (SD = 1.88, N = 36).
The most important factor considered when deciding to make home improvements was money saved. However, this factor's mean was only significantly different from the mean of "made a difference for someone I know" (F(4, 35) = 2.95, p = .016). Participants in all three data collection periods indicated whether they knew someone who had applied to an assistance program for weatherization (43%) as well as whether they had applied themselves (22%). Participants who had applied for assistance were also asked to provide the name of the program to which they applied. The most frequently-named program was Habitat for Humanity (6), followed by LiHeap (LowIncome Home Energy Assistance Program) (3), MidAmerican Energy (3), and other programs (2).
In periods 2 and 3, participants rated their experiences with the assistance programs using a Likert type scale where 1 corresponded to "Awful" and 5 corresponded to "Great". The mean experience rating was 4.43 (SD = .9; N = 7).
The most common reason for participants not contacting assistance programs was not knowing what assistance programs are available (Figure 8 ). The most common "first step" participants would take to lower future energy bills was to use the rope caulk, followed by contacting an assistance program (Figure 9 ). 
DISCUSSION
Expert sources (such as home efficiency experts or city websites) were the most frequently chosen sources for information on home efficiency. All participants had already taken at least one action to save money on energy bills. Additionally, 59% of participants planned to use the rope caulk to help weatherize their homes. These results may indicate that residents could benefit from expert-backed information on do-it-yourself (DIY) methods to increase home efficiency. Due to privacy concerns unique to socioeconomically disadvantaged populations (Sun, Hu, Wong, He & Le, 2013) , these methods are particularly relevant. In recognition of these concerns, researchers demonstrated the use of rope caulk as a simple project to reduce air infiltration that can be used even in rental homes where participants are not permitted to make permanent changes.
While expert sources were the most frequently chosen, social sources (most notably family, followed by friends and neighbors) were chosen nearly as often as experts. These results support the literature by illustrating the importance of social networks when making energy-related decisions (Southwell & Murphy, 2014) . Such emphasis on familial relationships may have arisen because participants who completed the surveys were attending community events organized specifically for families. Additionally, most participants would be more likely to make a change to their home if they saw a neighbor doing the same.
While 43% of participants knew someone who had applied to an assistance program, only 22% had applied themselves. Those who had not applied cited a lack of knowledge of available programs, renting their homes, and not knowing whom to ask as the top reasons for not seeking assistance. These results echo findings from the literature, which indicate that many residents are unaware of assistance programs (Gaffney, 2006; Reames, 2016) . Anecdotally, some residents expressed that they were also unaware of weatherization methods that would be appropriate for rental homes. This again points to a need for more easily accessible information about available resources and programs, especially those applicable to renters. In response to this need recognized in P1 and P2, researchers included a community partner organization for P3 that works with renters as well as homeowners. This organization conducts free energy audits as well as provides free, low impact weatherization supplies to participants.
While few had applied for assistance, the overall impression of the programs was positive. Only 6% of participants indicated that they thought applying would involve too much time or paperwork. Those who had applied indicated positive experiences. It appears that the assistance programs are well received but are under-utilized.
Connection to ABM
Data collected in P1 and P2 has been incorporated into a preliminary ABM using NetLogo (Krejci, et al., 2016) . For example, 71% of survey participants would be more likely to make a change to their own home if they heard about or saw a neighbor making changes to their homes, and 72% would get information on lowering energy bills from city or government websites ( Figure 5 ). Based on these figures, the probability of a non-weatherized agent seeking weatherization after interacting with a weatherized agent is set as 0.71 within the model. When an agent has access to city or government websites, they are assumed to learn energy-related information from the website with the probability of 0.72.
The experimental results of the preliminary ABM have shown that most agents that weatherized chose to selfweatherize (81%), rather than using the services of the assistance program. This is consistent with the survey, which found 68% of participants would self-weatherize their houses through tools and information they received at the community event, while only 41% would seek assistance from weatherization programs (Figure 9) . The next step with the ABM development is to connect it with an energy simulation model (created using umi; Reinhart, et al., 2013) . The data about what residents do to cool or heat their homes will help the team develop rules about agents' daily behaviors within their homes (Figure 3) . Factors influencing residents' decisions to weatherize (Figure 7 ) will be incorporated into the future model using weights obtained from the surveys. Additionally, 45% of participants who have not applied to an assistance program cited their lack of information. This prompted the creation of another type of agent (i.e., media agent) for use in the future ABM to simulate the effectiveness of publicizing assistance programs via media.
CONCLUSION
In order to support equitable decisions, the behaviors and preferences of vulnerable citizens should be understood. The goal of this work has been to understand weatherization and energy use behaviors in economically disadvantaged communities. The results of this study indicate that residents are taking steps toward weatherizing and improving home efficiency. However, they are hindered by a lack of resources and knowledge of available assistance programs. Results also illustrate the influence of social networks (e.g. family, friends, and neighbors) on decision making and behavior. These results are now being applied to ABM to realistically simulate the actions of residents. Models such as the ABM will then be used to support urban leader decision making.
Moving forward, increasing the number of participants would help maximize survey credibility. A larger survey is currently under development with more detailed questions about residents' social relationships and energy use habits. This will help build more realistic social topology in the future ABM.
